Introduction
Castleman's disease (CD), first reported in 1954, is a rare, nonneoplastic, lymphoproliferative disorder. 1 Characteristic histopathological findings of CD are angiofollicular lymph node hyperplasia in a localized lymph node region. 2 In 1974, Gaba et al described cases exhibiting this distinct histopathology in multiple lymph nodes and clinically classified CD into unicentric CD (UCD) and multicentric CD (MCD). 3 Patients with UCD, who are usually younger than those with MCD, are often asymptomatic. Physical findings of UCD consist of enlargement of one lymph node with no radiologic evidence of lymphadenopathy in other areas. Conversely, patients with MCD have histologic findings of CD within at least one regional group of lymph nodes as well as clinical or radiologic evidence of additional lymphadenopathy. Patients with MCD show systemic symptoms stemming from reactive proliferation of benign lymphocytes. UCD is treated by surgical lymph node excision, which is curative for most patients. In contrast, systemic treatment is needed to control MCD. 4, 5 MCD is further classified according to the patient's human herpesvirus 8 (HHV8) infection status. The histopathology of CD is classified into four variants: hyaline vascular (HV), plasma cell (PC), mixed, and plasmablastic. 5, 6 The plasmablastic variant is found only in patients with HHV8-associated MCD. Histological features of the HV variant include widened mantle zones composed of concentric
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Sakashita et al rings of small lymphocytes in an onion-skin pattern around small atrophic germinal centers with penetrating hyalinized vessels and dysplastic follicular dendritic cells (FDCs). 7 In 2010, Takai et al proposed a new variant of HHV8-negative MCD characterized by thrombocytopenia, anasarca, myelofibrosis, renal dysfunction, and organomegaly and termed these presentations as thrombocytopenia, anasarca, myelofibrosis, renal dysfunction, and organomegaly (TAFRO) syndrome. 8 We herein review TAFRO syndrome as a novel clinical entity in HHV8-negative MCD patients, which represents a group of systemic inflammatory disorders derived from an autoimmune pathophysiology.
Clinical and histopathological features of MCD
MCD is a distinct subtype of CD presenting with multiple lesions and systemic symptoms. Clinical features of MCD are systemic inflammation, reactive proliferation of benign lymphocytes, multicentric lymphadenopathy, polyclonal hypergammaglobulinemia, microcytic anemia, hypoalbuminemia, and elevated serum inflammatory proteins such as C-reactive protein (CRP). 7, 9 MCD diagnosis is histologically confirmed by lymph node biopsy. These clinical and histopathological abnormalities might reflect hypercytokinemia based on unknown etiologies.
Lymph node enlargement with distinctive histological features characterizes MCD. As with CD, the histological patterns of MCD include HV, PC, and mixed types. The HV type is the more common MCD variant, whereas the PC type mostly involves mediastinum. 6 However, all lymph node-bearing regions and even tissues other than lymph nodes can be involved. The HV type is characterized by the proliferation of small, morphologically distinctive follicles that obscure the underlying nodal architecture (Figure 1 ). The follicles are surrounded by roughly concentric circular layers resembling onion skin which are composed of small lymphocytes in the mantle zone, with circularly arranged capillaries penetrating the germinal centers; 10 these structures contain hyaline deposits and display a characteristic whorled appearance. In contrast, the interfollicular stromal tissue demonstrates prominent proliferation of capillaries and contains many small lymphocytes and PCs. Germinal centers are more typical of reactive follicular hyperplasia.
HHV8 status and current classification of MCD
Human immunodeficiency virus (HIV) infection has been recognized as an important risk factor for MCD, and all patients with HIV-associated MCD are coinfected with HHV8. Approximately 50% of HIV-negative MCD cases are infected with HHV8, which varies with the HHV8 prevalence in the population. 11 Among patients with HHV8-associated MCD, HIV infection or another cause of immune compromise enables HHV8 to replicate in lymph nodes and to release human interleukin (IL)-6 and several other proinflammatory factors derived from HHV8. 12, 13 These proinflammatory factors induce proliferation of B lymphocytes and PCs, secretion of vascular endothelial growth factor (VEGF), which promotes angiogenesis, and an acute phase reaction. 14 Plasma titers of HHV8 correlate with clinical symptoms and predict relapse rates in HIV-associated MCD.
15 HHV8 infection is responsible for MCD etiology in both HIV-positive and HIV-negative patients. Therefore, traditional HIV-based classification is not appropriate for identifying factors driving MCD pathogenesis. Fajgenbaum et al recently proposed a taxonomy to distinguish MCD on the basis of the HHV8 status, which provided a more accurate description of the pathogenesis and response to treatment (Figure 2 ).
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HHV8-negative MCD (idiopathic MCD [iMCD])
The presence of a subset of HHV8-negative MCD cases has long been acknowledged. Fajgenbaum et al proposed the term iMCD for HHV8-negative MCD. 16 Although the etiology of iMCD remains unclear, several experts suggest that proinflammatory hypercytokinemia due to viral infection, inflammation, or neoplastic disease might be a mechanism. 17, 18 Fajgenbaum et al also proposed that one or more of the following three candidate processes might be 
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TAFRO syndrome responsible for hypercytokinemia in iMCD: 16 autoimmune mechanisms by autoantibody-mediated antigenic stimulation or a germ-line genetic aberration in innate immune system (systemic inflammatory disease hypothesis), ectopic cytokine secretion by benign or malignant tumor cells within lymph nodes or extranodal tissue (paraneoplastic syndrome hypothesis), and viral signaling by a non-HHV8 virus (virally driven hypothesis).
Introduction of TAFRO syndrome as an iMCD subtype
Takai et al proposed a new variant of iMCD, whose features included TAFRO in their reported case series and named this variant TAFRO syndrome after its characteristic presentation. 8 Lymph node biopsies of these cases demonstrated HV-type-like changes consistent with MCD. These patients with TAFRO features responded well to immunosuppressive therapy with glucocorticoids and cyclosporine. They considered this novel clinical entity of iMCD to represent a group of systemic inflammatory disorders with roots in autoimmune pathophysiology, on the basis of their favorable response to immunosuppressive therapy.
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Clinical features of iMCD
Liu et al published a systematic review of the literature on iMCD, providing information on its clinical features, treatment, and outcomes. 20 Eighty-four articles fit all the inclusion criteria, and 128 patients were included in the review. ). The side effect profiles revealed that anti-IL-6 therapy demonstrated better tolerability than cytotoxic agents. Anti-IL-6 might require long-term administration because relapses were reported following cessation. 21 The systematic review also showed that 49 of 116 patients (42%) failed first-line therapy, 2-year survival was 88% (95% confidence interval [CI] 81-95; 114 patients, 12 events, 36 events censored), and 27 of 121 (22%) patients died by the end of the observed follow-up period (median, 29 months; interquartile range, 12-50 months). Factors negatively associated with survival reportedly included age (>37 years), extravascular fluid overload, PC-type histopathology, TAFRO features, hypergammaglobulinemia, and thrombocytopenia. The 2-year survival rate was 85% (95%CI 71-100) for iMCD patients with TAFRO features versus 92% (95%CI 85-99) for those without TAFRO features (hazard ratio 2.67, 95%CI 0. 4-11.20; p=0.16) . The increase in mortality among patients with TAFRO syndrome within the first 6 months of diagnosis is notable because it might reflect a highly aggressive phenotype. In addition, 24 of 128 patients (19%) with iMCD had a diagnosis of malignant disease, a frequency significantly higher than that in the age-matched controls (6%). Liu et al 20 suggested several possible explanations for the increased prevalence of malignancies in iMCD. First, malignant cells might secrete IL-6 and other proinflammatory cytokines, leading to the histopathological and clinical features of iMCD. Second, iMCD might be a premalignant disease that eventually transforms into a malignancy. Third, an unknown genetic mutation might render the patient susceptible to both iMCD and malignant diseases. Fourth, excessive cytokine release might induce malignant transformation. Fifth, treatment modalities for iMCD such as cytotoxic therapy might amplify susceptibility to malignant disease. Finally, an unidentified virus might cause both iMCD and the malignant disease. 16 The authors suggested that clinicians should search for underlying malignant diseases in all patients who were newly diagnosed with iMCD and monitor those with iMCD for the development of malignant diseases. 
Clinical and pathological presentation of TAFRO syndrome
Iwaki et al analyzed the clinical features and pathological characteristics of iMCD in 23 cases from Japan and two cases from the USA. 22 In their review, the authors categorized iMCD into two subtypes: iMCD with TAFRO symptoms (TAFROiMCD) and iMCD-not otherwise specified (iMCD-NOS) and found that TAFRO-iMCD was characterized by a more aggressive clinical course, refractoriness to corticosteroid therapy, more severe thrombocytopenia, higher frequency of anasarca, elevated levels of alkaline phosphatase, and almost normal gammaglobulin levels, compared with iMCD-NOS. These unique clinical and laboratory features suggested TAFRO-iMCD as a distinct variant of iMCD. This case series showed that IL-6 might not be a critical cytokine in TAFRO-iMCD, given that its levels were only modestly elevated in most cases of TAFRO-iMCD. Furthermore, the clinical features associated with elevated IL-6, such as thrombocytosis and polyclonal hypergammaglobulinemia, were not observed in TAFRO-iMCD cases. This finding contrasts with that of the control cases of iMCD-NOS. TAFRO-iMCD cases demonstrated thrombocytopenia with hyperplasia or normoplasia of megakaryocytes in the bone marrow at the time of diagnosis, possibly owing to increased peripheral thrombocyte consumption. Before the concepts of iMCD and TAFRO syndrome were established, Kojima et al classified Japanese MCD cases into two variants: idiopathic plasmacytic lymphadenopathy with polyclonal hyperimmunoglobulinemia (IPL) type and non-IPL type. 23 Non-IPL MCD cases showed HV-type features, proliferation of vascularity in the interfollicular zone, and a higher incidence of pleural effusion and/or ascites, thrombocytopenia, and autoimmune diseases. They also reported that non-IPL cases exhibited FDC networks with expanded or disrupted follicles, which were observed in the TAFRO-iMCD group in the study by Iwaki et al. 22 Conversely, IPL MCD cases exhibited clinical and pathological features more consistent with those of the iMCD-NOS group. On the basis of these findings, they speculated that TAFRO-iMCD might be immunological in origin. HHV8 status is not the sole basis of classification for MCD. Moreover, iMCD may be further categorized into iMCD with TAFRO features or iMCD-NOS as Iwaki et al demonstrated in their case series. 22 Their proposed diagnostic criteria for iMCD with TAFRO features (Table 1) require fulfillment of the histopathological criteria, all major criteria, and one or more of the minor criteria. Diseases that had to be excluded to reach a definitive diagnosis included rheumatological diseases such as systemic lupus erythematosus; infectious diseases such as acute Epstein-Barr virus; and neoplastic diseases such as lymphoma, POEMS (polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin changes) syndrome, and other cancers. The characteristic lymph node findings in TAFRO-iMCD included atrophic germinal centers with enlarged endothelial cell nuclei, proliferation of endothelial venules with an enlarged nucleus in the interfollicular zone, and a small number of mature PCs.
Approach to establishing diagnostic criteria for TAFRO syndrome in Japan
Kawabata et al proposed an MCD subtype called CastlemanKojima disease, which they defined as a systemic inflammatory disorder in patients with HHV8-negative MCD in the absence of any known autoimmune or lymphoproliferative diseases. 24 Castleman-Kojima disease can involve bone marrow, pleura, peritoneum, kidneys, liver, or lymph nodes. They also suggested that non-IPL MCD encompassed Castleman-Kojima disease, IgG4-related disease, POEMS syndrome, and malignant lymphomas.
24 Table 2 shows the criteria proposed for the diagnosis of Castleman-Kojima disease, which can also be used as the diagnostic criteria for TAFRO syndrome. 24 Iwaki et al attempted to develop a precise definition of TAFRO symptoms in their clinicopathological review of 25 cases. In that review, thrombocytopenia was defined as a platelet count <100,000/mm 3 at the time of diagnosis. Fever was defined as a temperature >38.0°C (100.4 °F). Anasarca 
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TAFRO syndrome was defined as the presence of pleural fluid and ascites by computed tomography (CT). Organomegaly included lymphadenopathy, hepatomegaly, and splenomegaly, which were confirmed by the evaluation of the CT scan by a radiologist. Reticulin fibrosis was assessed by bone marrow biopsy.
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The first international consensus diagnostic criteria for iMCD
The lack of established diagnostic criteria or disease-specific biomarkers for iMCD might hinder clinicians from reaching the correct diagnosis and starting treatment before the development of organ dysfunction and death. Clinical and pathological diagnostic criteria are urgently needed to facilitate disease recognition, diagnostic evaluation, and research on pathogenesis and treatment. In 2012, Fajgenbaum et al assembled a group of physicians, researchers, and patients to create the Castleman Disease Collaborative Network (CDCN), with the aim to accelerate research through a targeted, collaborative, and patient-centric approach. 25 The CDCN scientific advisory board assembled clinical data for 244 iMCD patients and 88 lymph node tissue biopsies for histopathologic review, including 128 cases analyzed in a systematic review of the literature on pathology-based iMCD. 20 Thirty-seven cases were submitted by the CDCN working group members, and 79 cases derived from a randomized controlled study of the anti-IL-6 chimeric monoclonal antibody siltuximab in subjects with symptomatic iMCD. 26 An international symposium sponsored by the CDCN and the University of Pennsylvania Orphan Disease Center was held in 2015 to establish the diagnostic criteria for iMCD. All votes were anonymous, and 75% agreement was needed to pass an individual decision. The final criteria vote required 100% consensus. On the basis of the consensus at this symposium, Fajgenbaum et al recently published the multidisciplinary, evidence-based, diagnostic criteria for iMCD. 27 The three-part criteria were finally accepted by the working group (Table 3) . A patient must meet both major criteria and fulfill at least two of the 11 minor criteria including at least one laboratory abnormality for a diagnosis of iMCD. In addition, diseases listed in the exclusion criteria must be ruled out.
Treatment for iMCD and TAFRO syndrome Corticosteroids
Corticosteroids are immunosuppressive drugs that treat both acute and chronic inflammation by decreasing transcription of proinflammatory cytokines and chemokines, adhesion molecules, and key enzymes in the inflammatory process such as IL-2, IL-6, and tumor necrosis factor-α. Corticosteroids are used as first-line treatment for iMCD including TAFRO syndrome. 28 However, patients frequently relapse, and corticosteroids are usually used in combination with other drugs. Nonresponders to corticosteroids are usually treated with various alternative drugs including anti-IL-6 and the chemotherapeutic agents anakinra, bortezomib, and thalidomide. However, there are limited data on prognosis and response to these treatments.
Anti-IL-6 therapies Siltuximab
Siltuximab is a human-murine chimeric monoclonal antibody that binds to IL-6 with high affinity. A Phase III clinical trial suggested that siltuximab and optimal supportive care were superior to optimal supportive care alone and that the drug was well tolerated even during prolonged administration. Siltuximab also had a favorable effect on radiological response in lymph nodes, anemia, other disease symptoms, and inflammatory parameters. Furthermore, siltuximab therapy was not associated with a significant increase in adverse events compared with placebo. 26 However, siltuximab is approved for the treatment of MCD only in North America and Europe. 
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Sakashita et al
Tocilizumab
Tocilizumab is a humanized IL-6 antagonist capable of blocking transmembrane signaling of IL-6. 29 It reduces inflammation related to the IL-6 signaling cascade. Tocilizumab is currently approved for the treatment of MCD in Japan and rheumatoid arthritis worldwide. 30 
Thalidomide
Thalidomide is an immune modulator that inhibits tumor necrosis factor-α, IL-1, IL-6, IL-12, and VEGF, while also stimulating T cells. 31 Thalidomide has demonstrated efficacy in inducing remission, decreasing IL-6 levels, and lowering CRP in patients with iMCD.
32,33
Anti-CD20 therapies Rituximab
Rituximab is a chimeric monoclonal antibody that binds to CD20, which is approved for the treatment of non-Hodgkin lymphoma. Rituximab is frequently used as first-or secondline therapy for MCD. One case report suggested that Table 3 Consensus diagnostic criteria for iMCD I. Major criteria (both 1 and 2 are needed)
1. Histopathological lymph node features consistent with the iMCD spectrum ( Figure 3) . Features along the iMCD spectrum include (grades 2-3 for either regressive GCs or plasmacytosis is required at a minimum): regressed/atrophic/atretic germinal centers, often with expanded mantle zones composed of concentric rings of lymphocytes in an "onion-skin" appearance, FDC prominence, vascularity, often with prominent endothelium in the interfollicular space and vessels penetrating into the GCs with a "lollipop" appearance, sheet-like, polytypic plasmacytosis in the interfollicular space, hyperplastic GCs 2. Enlarged lymph nodes (≥1 cm in short-axis diameter) in ≥2 lymph node stations II. Minor criteria (at least 2 of 11 criteria and at least 1 laboratory criterion are needed) Laboratory 1. Elevated CRP (>10 mg/L) or ESR (>15 mm/h) 2. Anemia (hemoglobin, 125 g/L for male and <115 g/L for female) 3. Thrombocytopenia (platelet count < 150k/mL) or thrombocytosis (platelet count <400 k/mL) 4. Hypoalbuminemia (albumin <35 g/L) 5. Renal dysfunction (eGFR, 60 mL/min/1.73 m 2 ) or proteinuria (total protein 150 mg/24 h or 10 mg/100 mL) 6. Polyclonal hypergammaglobulinemia (total g globulin or immunoglobulin G. Abbreviations: CMV, cytomegalovirus; CRP, C-reactive protein; CTCAE, common terminology for adverse events; EBV, Epstein-Barr virus; eGFR, estimated glomerular filtration rate; ESR, erythrocyte sedimentation rate; FDC, follicular dendritic cell; GC, germinal center; HHV8, human herpesvirus 8; HIV, human immunodeficiency virus; iMCD, idiopathic multicentric Castleman's disease; IHC, immunohistochemistry; LANA-1, latency-associated nuclear antigen; PCR, polymerase chain reaction; POEMS, polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin changes.
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TAFRO syndrome rituximab might be a therapeutic option for iMCD cases associated with immune-related disorders. 34 However, rituximab might be only partially effective and does not provide longterm remission if the treatment is initiated early in the course of disease before poor performance status scores decline. 35 
Cytotoxic chemotherapy
Cytotoxic, lymphoma-based chemotherapeutic agents including cyclophosphamide, doxorubicin, vincristine, and prednisone induce responses in a large portion of the severely ill iMCD patients; however, relapses are common, and the side effects are significant. 36 
Bortezomib
Recently, therapeutic approaches to target pathways upstream of IL-6 in iMCD have been reported, which need further evaluation, particularly for anti-IL-6 therapy-refractory patients. Bortezomib, a selective proteasome inhibitor that preferentially targets PCs, was reported to lower IL-6 levels and induce remission in four iMCD cases. 37, 38 Bortezomib might work in iMCD via direct inhibition of nuclear factorkappa B by degrading the IkB kinase.
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Future perspectives on TAFRO syndrome in iMCD
Recent case series and systematic reviews demonstrated that iMCD and TAFRO syndrome include heterogeneous diseases driven by pathological hypercytokinemia due to an unknown etiology, as previously mentioned. Although the etiology and the appropriate treatment strategies remain elusive, TAFRO syndrome might have a unique pathogenesis distinct from that of iMCD-NOS. For instance, the case series by Iwaki et al showed little evidence of an association between serum IL-6 concentration and the efficacy of anti-IL-6 therapy in TAFRO syndrome, suggesting that an elevated serum IL-6 level might not be the primary pathogenesis driving proinflammatory hypercytokinemia. 22 Furthermore, a clinicopathological review suggested that none of the TAFRO-iMCD cases demonstrated hypergammaglobulinemia, whereas almost all iMCD-NOS cases exhibited polyclonal hypergammaglobulinemia. Therefore, different therapeutic approaches are needed for TAFRO patients. To facilitate early diagnosis and treatment, a precise classification of the iMCD subtypes is necessary.
Recent studies have shed more light on TAFRO syndrome. First, two large systematic reviews clearly characterized the clinical manifestations and pathological findings of iMCD and TAFRO. 20, 22 Second, an international consensus on the diagnostic criteria has been established by the CDCN leadership, which further clarified the laboratory and clinical features of MCD using a global patient registry and case reports. 27 The etiology of iMCD awaits a similar clarification to improve disease management and treatment outcomes. 
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